Airway endoscopy is a difficult skill to master. A unique practicum was designed to help otolaryngology residents develop endoscopy skills. The learning modalities included lectures, an animal laboratory, high-fidelity manikins, virtual bronchoscopy simulation, and standardized patients. This study compares the relative subjective value of these learning modalities for skill development and realism.
BACKgrOUND
Airway endoscopy is a difficult skill for novice residents to master. Instrumenting the airway to achieve optimal visualization, performing precise surgical maneuvers, and manipulating objects such as foreign bodies require sophisticated psychomotor skills. The task complexity escalates when a camera attached to a video monitor replaces direct vision, when the resident's responsibilities include the cognitive skills of assessing the clinical circumstances, and when the resident is required to select and assemble the appropriate instruments. In addition, the resident must learn skills that support professional interpersonal relationships and team resource management to function as a leader within a team, including participation in planning discussions with anesthesiology and nursing personnel before the procedure and maintaining ongoing coordination of efforts during the procedure. Training that incorporates teamwork has direct utility in acute care areas such as operating rooms and has been advocated to improve patient safety and quality of care. 1 Directed practice can help the resident achieve competence and eventually fluency in these cognitive, psychomotor, and interpersonal skills.
Many factors impinge on the resident's ability to accomplish these learning agendas. Both residents and faculty have complex constraints on their available time. Many aspects of providing patient care experiences that are diverse and timely are not within the control of either teachers or learners. Contemporary considerations also include fiscal limitations We conducted an endoscopy practicum for otolaryngology residents and pediatric surgery fellows and evaluated the learners' subjective assessment of the realism and usefulness of various learning modalities, including lectures, an animal laboratory, high-fidelity patient simulation manikins, a virtual bronchoscopy simulator with haptic feedback, and SPs. The concurrent availability of these diverse educational modalities is unique among such courses.
METHODS
In February 2007, junior-level otolaryngology residents (predominantly postgraduate year 2, firstyear otolaryngology residents) and pediatric surgery fellows and faculty from all 4 training programs in 1 city participated in a 1-day endoscopy practicum, which included the educational modalities of lectures, animal laboratory, and high-fidelity and virtual simulators with haptic feedback. In 2008, the course was expanded, adding participants from 3 nearby programs, as well as SPs. The Institutional review Board exempted this study of an educational process using voluntary anonymous surveys completed by adults. Learners attended a keynote presentation, followed by several brief (20-minute) lectures addressing topics such as endoscopic anatomy, anesthesia considerations, bronchoscopy techniques, and a history of bronchoesophagology. They then participated in both an animal laboratory and an ad hoc simulation laboratory. In 2007, 2 simulation modalities were available. High-fidelity manikins were prepared to simulate foreign body aspiration as described in Table 1 . The manikin simulation was improved in 2008 to include the ability to generate "smoke" if a telescope or light cable was left lying on the manikin's drapes (Fig 1) . A virtual bronchoscopy simulator was used to practice fiberoptic bronchoscopy; the equipment has physical, virtual, and haptic components. The platform includes a partial manikin and a screen on which endoscopic images are displayed ( Fig 2) . In 2008, an SP model was added, with faculty and residents "role-playing" participants in difficult discussions.
The resident and faculty participants completed an anonymous survey rating the usefulness of each learning modality for learning the cognitive, psychomotor, and affective components of airway management; developing endoscopy skills; functioning as a leader within a team; preventing, recognizing, and managing abnormal conditions and complications; and experiencing manual and overall realism. The residents were asked to rate each modality using a Likert scale (1 = disagree to 5 = agree). The questions were identical for each modality; however, the 2 questions about realism were not included in the assessment of the lectures. Open-ended comments were also solicited. As the results in 2007 were overwhelmingly positive, the participants in 2008 were instructed to critically sort out the learning attributes and limitations in a more discriminatory fashion. responses were received from 16 residents in 2007 and from 20 in 2008; 6 faculty members responded in 2007, and 13 in 2008. As individual faculty members did not participate in every learning modality, their responses are not included in these calculations.
The mean scores and standard deviations for the 5 learning modalities were tabulated, and a 1-way analysis of variance was performed; a p value of less than 0.05 suggests a significant difference between at least 2 of the modalities. rESULTS In 2007, the residents found value in each learning modality ( Fig 3A) . The mean score for every category and every modality was greater than 4 (range, 4 to 5) for survey questions related to skill development, including developing cognitive, psychomotor, and affective skills; managing normal and abnormal conditions; understanding the prevention and management of complications; improving endoscopy skills; and understanding the team process (averages of mean scores were 4.63 for lecture, 4.75 for animal laboratory, 4.5 for high-fidelity manikin, and 4.5 for virtual simulator, as well as for survey questions related to providing realism [excluding lectures; averages of means, 4.91, 4.2, and 4.29, respectively]). In 2008, the scores were slightly lower, but the mean scores remained greater than 3 (range, 1 to 5) for questions related to skill development (averages of mean scores were 4.49 for lecture, 4.42 for animal laboratory, 4.45 for high-fidelity manikin, 3.65 for virtual simulator, and 3.24 for SPs) and providing overall and manual feel realism (excluding lectures; averages of means, 4.7, 4.13, 3.38, and 3.74, respectively); the sole exception was the assessment of a mean score of 2.8 for the use of SPs in the development of endoscopy skills.
When specific learning modalities were com- pared, analysis of variance demonstrated a statistically significant difference in the mean performance scores with respect to 4 of the 9 surveyed criteria in 2007 and all 9 surveyed criteria in 2008 ( Table 2 ).
According to the mean scores, the residents perceived the animal laboratory, high-fidelity manikin, and especially the lectures as the best resource for learning cognitive knowledge and skills in airway management, and the animal laboratory as the best resource for learning psychomotor knowledge and skills. Lectures, the animal laboratory, and highfidelity manikins all received high scores for supporting the development of affective knowledge and skills. In both 2007 and 2008, the animal laboratory experience received the highest scores for manual feel realism and adequate overall realism (Table 3) .
The high-fidelity manikin scores were slightly higher than the lecture scores as the best resource facilitating the recognition and management of normal and abnormal airway conditions and received the highest score for facilitating understanding of the prevention and management of complications. Lectures scored only slightly lower than the animal laboratory as being useful in improving endoscopy skills. Virtual fiberoptic bronchoscopy received the lowest score of the group in 2007, but not 2008. Both the lecture and the high-fidelity manikins were thought to be useful in understanding the team process.
As compared with the other modalities, for both years, the virtual fiberoptic bronchoscopy simulator received the lowest score in facilitating an understanding of team processes, but overall was in the mid-range for most of the other criteria. Within the scores for the fiberoptic bronchoscope, it was rated most highly in the development of endoscopy skills. Standardized patients, incorporated in 2008, received the lowest scores in every domain except the development of team skills.
DISCUSSION
The development of airway endoscopy skills requires mastery of a broad range of cognitive, psychomotor, and interpersonal skills. Traditionally, lectures, and occasionally animal laboratories, have been used to initiate the development of fundamental endoscopy skills, followed by participation in surgical cases involving live patients in an apprenticeship model. The limitations of this approach include the variable volume and diversity of clinical experiences, diminishing opportunities for direct hands-on experience, the need to maximize efficiency in the operating room and minimize medical liability, limited mechanisms to track the progress of learners, and subordination of the needs of learners to the needs of the patient. [2] [3] [4] Additional factors that challenge skill acquisition in any learning modality within the current health-care system include work-hour restrictions and an emphasis on cost containment. 3, 4 The current impetus toward facilitating skill acquisition by use of simulation-enhanced strategies takes advantage of improved understanding of adult learning theory, conditions necessary to optimize error management and patient safety, how motor and other skills are developed, and the capabilities of emerging technologies. 3,4 Simulation-enhanced learning modalities provide opportunities for practice, exploration, and even failure without direct risk to patients. 2 The impetus to adopt simulation strategies in medical education is supported by the success with which simulator-based training has been used in other technology-dependent, high-risk fields such as aeronautics, commercial aviation, nuclear power plant operation, and the military. 5 This unique instructional program provided a wide range of didactic, live-tissue, and interactive patient simulator-based educational modalities concurrently, and both the residents and faculty who took part in this practicum found it to be stimulating, enjoyable, and productive. As expected, the didactic sessions were perceived as very helpful in supporting the development of cognitive skills; however, the residents also felt that the lectures were helpful in developing an understanding of the team process, and, surprisingly, were as effective as the 2 endoscopic simulation modalities in improving endoscopy skills. This latter finding may reflect a mature appreciation of the need to integrate cognitive information to form psychomotor skills.
The animal laboratory consistently received the highest scores in all ratings in 2007. In 2008, the scores remained high for the development of psy- chomotor skills, and it was perceived as the best modality for improving endoscopy skills. The animal laboratory performed the best of all of the modalities in overall realism and was judged to have the most realistic "feel," a testament to the value of working with living tissue in surgical education. Use of animals for endoscopy training is primarily limited by factors of accessibility, security, potential for disease transmission, need for veterinary supervision, and care considerations necessary for the animals' humane treatment. The high-fidelity manikin exercises were designed to emphasize a team approach, and the respondents ranked the capabilities very highly, but not always as the best in most categories of evaluation. The virtual bronchoscopy simulator received mid-range ratings for most modalities. Its poorer scores in team development may reflect the nature of the pre-programmed exercises.
For both the high-fidelity manikins and the virtual bronchoscope, considerations of capabilities, fidelity, and limitations must be balanced with ease of use and accessibility.
The role-playing SP modality was added to the 2008 practicum and was the least familiar for the faculty. The relatively poorer rankings by residents may be based on several factors. The skills of delivering bad news and obtaining informed consent, although important, have an indirect relationship to the stated course objectives of improving endoscopy skills. Practice to the point of mastery, with the attendant self-satisfaction, was not always achieved in the SP exercises, and these were the only exercises in which residents were confronted with personal hostility. The situation's unpleasantness and discomfort, rather than the eventual applied clinical value of the exercise, may have been reflected in the ratings.
The study limitations include the small number of respondents, the potential variability of the supplemental education that accompanied each group of residents in each training modality, and the lack of validation and the subjective nature of the survey. The survey may not be a sensitive measure for the kind of physical or spatial learning acquired by performing an endoscopy or procedure. residents' scores for the various learning modalities may have been affected by the sequencing of their experiences.
Simulation-based learning programs have been used successfully in a wide variety of fields, and the growing number of reports in the literature on the application of simulator-based teaching to resident education is evidence of the increasing interest of many in the medical community in developing courses such as this one. Future areas of investigation should include the development and validation of debriefing strategies and objective measurements of performance, 6 including parameters such as proper instrument selection and assembly, or time to task completion. It will also be necessary to evaluate costs, including the direct costs of the animals, equipment, and supplies, as well as the indirect costs of course design and management, faculty development, and the intensive faculty-to-learner ratio. CONCLUSIONS Specific learning modalities, including lecture, animal laboratory, high-fidelity simulation manikin, virtual bronchoscopy, and SPs, were perceived to have different values for teaching airway management, developing endoscopy skills, teaching clinical leadership, and providing a realistic experience. We propose that these learning modalities are complementary. 86 Deutsch et al, Multimodality Education for Endoscopy 86 rEFErENCES
